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(54) Behavior control device of vehicle checking occasionally normal operation of longitudinal 
ace. sensor 



(57) A behavior control device of a vehicle including 
a longitudinal acceleration sensor has a judgment sys- 
tem for judging if the longitudinal acceleration sensor is 
operating normally by comparing an output of the accel- 
eration sensor with a corresponding longitudinal accel- 
eration of the vehicle detected based upon a wheel 
rotation speed detected by a sensor therefor, excepting 
at least when the acceleration sensor output is much 
different from a longitudinal acceleration calculated 
based upon a wheel drive torque, so that the reliability 
of the behavior control incorporating the acceleration 
sensor is ensured, while when the acceleration sensor 
is not operating normally, the behavior control is modi- 
fied or suspended. 
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Description 

Background of the Invention 

Field of the invention 

[0001] The present invention related to a behavior 
control of a vehicles such as an automobile, and more 
particularly, to an improvement of such a behavior con- 
trol device with regard to the reliability of its normal 
operation periled by a failure of a longitudinal accelera- 
tion sensor incorporated therein. 

Description of the Prior Art 

[0002] A wide variety of behavior control devices 
have been developed in the field of the modern so- 
called vehicle stability control, the art of controlling a 
running behavior of a vehicle such as an automobile 
against such instabilities as a spin, a driftout and others, 
the control being based upon dynamic control calcula- 
tions made instantly by an electronic computer incorpo- 
rating various operation parameters of the vehicle, such 
as longitudinal and lateral accelerations, vehicle speed, 
yaw rate, steering angle, engine operation parameters, 
etc. 

[0003] Those various prior art behavior control 
devices have their particular advantageous operational 
features. However, it will go without saying that those 
advantageous operational features will be actually 
exhibited only when the sensors for detecting various 
operation parameters of the vehicle needed for the con- 
trol calculations are operating normally. 
[0004] In various sensors for detecting the opera- 
tion parameters of the vehicle, an acceleration sensor 
for detecting the longitudinal or lateral acceleration of 
the vehicle body is one of the most important for ensur- 
ing a high quality of the vehicle stability control. Never- 
theless, the acceleration sensor is constructionally very 
delicate, and is relatively liable to a malfunction. At 
present, most of the acceleration sensors for the auto- 
mobile applications have such a fundamental construc- 
tion that an inertial mass element movable along a 
linear guide is biased by a pair of springs from linearly 
opposite sides thereof so as to be positioned at its neu- 
tral position in the absence of any acceleration. 
[0005] The acceleration sensors of such a funda- 
mental construction will operate unchangeably over a 
long period, if they are subjected to accelerations acting 
only along the linear directions. However, in the automo- 
bile applications, the acceleration sensors are always 
subjected to accelerations acting in various directions, 
regardless whether they are used as a longitudinal 
acceleration sensor or a lateral acceleration sensor, 
such that the inertial mass element is often rubbed 
against the linear guide while.it is shifted therealong. 
Therefore, the acceleration sensors often unavoidably 
cause a gradual or an abrupt error in their outputs due 



to a sticking of the inertial mass element to the linear 
guide. How often and how strong the inertial mass ele- 
ment is rubbed against the linear guide depends on the 
driver of the vehicle and his/her principal driving area. 
5 Therefore, it is very difficult to estimate how long the 
normal operation of the acceleration sensor is guaran- 
teed. 

[0006] In Japanese Patent Laid-open Publication 7- 
196029 (1 995), there is proposed a device for judging a 
io failure of a longitudinal acceleration sensor of a vehicle, 
comprising means for calculating rotation speed of a 
wheel based upon an output of a wheel speed sensor, 
means for calculating an estimated vehicle body accel- 
eration based upon the wheel rotation speed, a longitu- 

15 dinal acceleration sensor for detecting longitudinal 
acceleration of the vehicle, means for calculating a ratio 
of the vehicle longitudinal acceleration detected by the 
longitudinal acceleration sensor to the estimated vehi- 
cle body acceleration together with an integration calcu- 

20 lation of a first integrated value which is decreased 
when the ratio is within a predetermined range while it is 
increased when the ratio is outside of the predeter- 
mined range, and means for conducting a predeter- 
mined failsafe processing when the first integrated value 

25 is larger than a predetermined value. 

[0007] However, the difficulty in judging the normal 
operation of the acceleration sensors of the vehicles 
resides in that the vehicles do not always run on a hori- 
zontal road, occasionally climbing an uphill road or 

30 descending a downslope road, these inclinations all 
affecting the ostensible outputs of the acceleration sen- 
sors having the above-mentioned fundamental con- 
struction. 

35 Summary of the Invention 

[0008] In view of the above-mentioned difficulty in 
judging the normal operation of the acceleration sen- 
sors of the vehicles, it is a primary object of the present 
40 invention to provide a behavior control device of a vehi- 
cle such as an automobile, in which the normal opera- 
tion of the acceleration sensor is often timely judged 
with the least influence of up and down sloping of the 
road. 

45 [0009] According to the present invention, the 
above-mentioned primary object of the present inven- 
tion is accomplished by a behavior control device of a 
vehicle having a vehicle body, wheels supporting the 
vehicle body, an engine for driving the vehicle through at 

50 least a pair of drive wheels forming a part of the body 
support wheels, and a brake system for selectively brak- 
ing at least a part of the body support wheels, the 
device comprising: 

55 means for detecting operation parameters of the 
vehicle, the vehicle operation parameter detection 
means including an acceleration sensor for detect- 
ing longitudinal acceleration of the vehicle depend- 
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ing upon an inertia of a movable mass element, 
means for detecting rotation speed of at least one 
of the body support wheels, means for detecting a 
torque for driving the drive wheels, means for 
detecting longitudinal acceleration of the vehicle 5 
depending upon the wheel rotation speed detected 
by the wheel rotation speed detection means, and 
means for detecting longitudinal acceleration of the 
vehicle dependent upon the wheel drive torque 
detected by the wheel drive torque detection w 
means, 

means for judging the acceleration sensor as not 
operating normally according to the longitudinal 
acceleration detected by the acceleration sensor 
being different from the longitudinal acceleration is 
detected by the wheel rotation dependent longitudi- 
nal acceleration detection means beyond a thresh- 
old value predetermined therefor, excepting at least 
when the longitudinal acceleration detected by the 
acceleration sensor is not different from the longitu- 20 
dinal acceleration detected by the wheel drive 
torque dependent longitudinal acceleration detec- 
tion means beyond a threshold value predeter- 
mined therefor, and 

means for controlling the brake system based upon 25 
the operation parameter or parameters of the vehi- 
cle detected by at least one. including the accelera- 
tion sensor, of the vehicle operation parameter 
detection means, so as to control a running behav- 
ior of the vehicle, with a modification thereof for a 30 
compensation for a failure of a normal operation of 
the acceleration sensor when it is not judged as 
normally operating by the acceleration sensor nor- 
mal operation judgment means. 

35 

[0010] The above-mentioned modification of the 
running behavior control may include a suspension of 
the control. 

[0011] When a vehicle is climbing an uphill road of 
an angle a of inclination, the longitudinal acceleration 40 
detected by the acceleration sensor of the above-men- 
tioned common construction will be larger than the lin- 
ear acceleration of the vehicle along the road surface as 
much as a difference g • sina , wherein g is the acceler- 
ation of gravity, while the wheel drive torque required for 45 
accelerating the vehicle along the uphill road of the incli- 
nation angle a is larger than the drive torque required 
for accelerating the vehicle to the same acceleration 
along a horizontal road as much as an amount corre- 
sponding to an acceleration g • sina of the vehicle, so 
Therefore, if the longitudinal acceleration detected by 
the acceleration sensor is compared with the longitudi- 
nal acceleration detected by the wheel drive torque 
dependent longitudinal acceleration detection means, 
the two longitudinal acceleration values should be the 55 
same even when the vehicle is accelerated on an uphill 
road, provided that the acceleration sensor is operating 
normally, although the threshold value for such a judg- 



ment will have to be a little lager (and therefore less pre- 
cise) for comparing the output of the acceleration 
sensor with the output of the wheel drive torque 
dependent longitudinal acceleration detection means 
than for comparing the output of the acceleration sensor 
with the output of the wheel rotation dependent longitu- 
dinal acceleration detection means. 
[0012] Therefore, even when the longitudinal accel- 
eration detected by the acceleration sensor is different 
from the longitudinal acceleration detected by the wheel 
rotation dependent longitudinal acceleration detection 
means beyond the threshold value predetermined 
therefor, if it is judged that the longitudinal acceleration 
detected by the acceleration sensor is not different from 
the longitudinal acceleration detected by the wheel 
drive torque dependent longitudinal acceleration detec- 
tion means beyond the threshold value predetermined 
therefor, at least a judgment error due to the vehicle 
climbing an uphill road is avoided. 
[0013] The acceleration sensor may comprise first 
and second linear acceleration sensor elements 
mounted to the vehicle body along a phantom plane dis- 
posed substantially horizontally relative to the vehicle, 
the first linear acceleration sensor element being sub- 
stantially turned from both longitudinal and lateral direc- 
tions of the vehicle, while the second linear acceleration 
sensor element is turned from the first linear accelera- 
tion sensor element for an angle not substantially differ- 
ent from a right angle, so that a longitudinal acceleration 
of the vehicle body is detected by comparing linear 
accelerations detected along the first and second linear 
acceleration sensor elements, while a lateral accelera- 
tion of the vehicle body is also available by comparing 
the linear accelerations detected along the first and sec- 
ond linear acceleration sensor elements. 
[0014] By such an arrangement of the longitudinal 
and lateral acceleration sensors, the normal operation 
of the lateral acceleration sensor is also checked 
together with checking the longitudinal acceleration 
sensor. 

[0015] The behavior control device according to the 
basic construction of the present invention may further 
comprise means for calculating a spin quantity indicat- 
ing a liability of the vehicle to spin and a driftout quantity 
indicating a liability of the vehicle to driftout based upon 
parameters available from the vehicle operation param- 
eter detection means, and means tor detecting a maxi-. 
mum wheel drive torque accelerating the vehicle in the 
period of the acceleration, means for detecting a differ- 
ence between a longitudinal acceleration of the vehicle 
corresponding to the maximum wheel drive torque and 
a longitudinal acceleration detected by the acceleration 
sensor at a moment of the maximum wheel drive torque 
being generated, and means for calculating a load of 
the vehicle based upon a ratio of the longitudinal accel- 
eration difference to the maximum wheel drive torque, 
wherein the brake system control means modify at least 
one of the spin quantity and the driftout quantity for a 
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compensation for the load in controlling a braking force 
applied to each selected one of the wheels based upon 
at least one of the spin quantity and the driftout quantity. 
[001 6] Since, according to the basic construction of 
the behavior control device of the present invention, the 5 
normal operation of the longitudinal acceleration sensor 
is ensured, changes of the load on the vehicle will be 
calculated from corresponding changes of the above- 
mentioned ratio of the longitudinal acceleration differ- 
ence to the maximum wheel drive torque. When the io 
load on the vehicle increases, the inertia of the vehicle 
correspondingly increases. In a spin or a driftout control, 
it is desirable that, when the inertia of the vehicle 
increases, an execution of the spin or driftout control is 
started earlier. Therefore, by modifying the spin quantity 15 
or the driftout quantity for a compensation for the load in 
controlling a braking force applied to each selected one 
of the wheels based upon the spin quantity or the drift- 
out quantity, the quality of the anti-spin or anti-driftout 
behavior control is correspondingly improved with 20 
respect changes of the load on the vehicle. 
[001 7] The behavior control device according to the 
basic construction of the present invention may further 
comprise means for detecting a maximum wheel drive 
torque accelerating the vehicle in the period of the 25 
acceleration, means for detecting a difference between 
a longitudinal acceleration of the vehicle detected by the 
wheel rotation dependent acceleration detection means 
and a longitudinal acceleration detected by the acceler- 
ation sensor at a moment of the maximum wheel drive 30 
torque being generated, and means for calculating a tire 
diameter of the wheels based upon a ratio of the longi- 
tudinal acceleration difference to the maximum wheel 
drive torque, wherein the brake system control means 
calculate a slip ratio to be effected at each selected one 35 
of the wheels by a controlled braking applied thereto 
with a compensation for the tire diameter. 
[001 8] It is probable that the tires of the vehicles are 
changed by customers according to their taste with tires 
of a different diameter. In this case, the behavior control 40 
device preset for each type of vehicle will not properly 
operate. Since, again according to the basic construc- 
tion of the behavior control device of the present inven- 
tion, the normal operation of the longitudinal 
acceleration sensor is ensured, changes of the tire 45 
diameter will be calculated from corresponding changes 
of the above-mentioned ratio of the longitudinal acceler- 
ation difference to the maximum wheel drive torque. 
Therefore, by the brake system control means calculat- 
ing a slip ratio to be effected at each selected one of the so 
wheels by a controlled braking applied thereto with a 
compensation for the tire diameter thus calculated, the 
behavior control device preset for a predetermined tire 
diameter will always operate as expected, regardless of 
optional changes of the tire diameter by customers. 55 
[001 9] The behavior control device according to the 
basic construction of the present invention may further 
comprise means for detecting the vehicle descending a 



downslope road according to if a longitudinal accelera- 
tion of the vehicle detected by the wheel rotation 
dependent acceleration detection means is smaller than 
a longitudinal acceleration detected by the acceleration 
sensor by a difference larger than a threshold longitudi- 
nal acceleration difference value predetermined there- 
for with no positive wheel drive torque dependent 
acceleration of the vehicle, and means for calculating a 
downslope angle based upon the longitudinal accelera- 
tion difference, wherein the brake system control means 
modify a behavior control braking applied to each 
selected one of the wheels according to the downslope 
angle for a compensation for a reduction of a ground 
contact force of each of the wheels with the vehicle 
being on a downslope road. 

[0020] When a vehicle is running on a sloped road, 
the contact force of the wheels against the road surface 
becomes smaller relative to the inertial mass value of 
the vehicle than when the vehicle is running on a hori- 
zontal road, thereby correspondingly decreasing the 
longitudinal and lateral behavior control forces available 
by a selective braking applied to a selected wheel or 
wheel for the purpose of a behavior control. On the 
other hand, the ostensible output of the longitudinal 
acceleration sensor of the above-mentioned common 
construction changes from the actual longitudinal accel- 
eration of the vehicle body due to an influence of the 
gravity acting to the inertial mass element of the longitu- 
dinal acceleration sensor. 

[0021] However, since, according to the basic con- 
struction of the behavior control device of the present 
invention, the normal operation of the longitudinal accel- 
eration sensor is ensured, when the vehicle is descend- 
ing a downslope road, it is detected by the longitudinal 
acceleration of the vehicle detected based upon the 
wheel rotation dependent acceleration detection means 
is smaller than the longitudinal acceleration detected by 
the longitudinal acceleration sensor by a difference 
larger than a threshold value predetermined therefor 
with the wheel drive torque dependent detection means 
detecting no positive wheel drive torque, and further, the 
downslope angle will be calculated based upon the dif- 
ference of longitudinal acceleration. Therefore, by the 
brake system control means modifying a behavior con- 
trol braking applied to each selected one of the wheels 
according to the downslope angle for a compensation 
for the reduction of the ground contact force of each of 
the wheels when the vehicle is descending a downslope 
road, the quality of the behavior control will be further 
improved to be adaptable to a downslope running 
according to the angle of its inclination. 
[0022] When the longitudinal acceleration detection 
means are constructed by such first and second linear 
acceleration detection means arranged as described 
above, the behavior control device according the basic 
construction of the present invention may further be 
constructed such that the vehicle operation parameter 
detection means further include means for detecting 
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yaw rate of the vehicle body, and means for detecting 
vehicle speed, the device further comprising means for 
calculating a cant angle of a road surface based upon a 
difference between a lateral acceleration of the vehicle 
body detected by the combination of the first and sec- 5 
ond linear acceleration sensor elements and a lateral 
acceleration calculated as a product of a yaw rate and a 
vehicle speed detected by the yaw rate detection means 
and the vehicle speed detection means, respectively, 
wherein the brake system control means modify a 10 
behavior control braking applied to each selected one of 
the wheels according to the cant angle for a compensa- 
tion for an influence of a cant of a road surface on a 
behavior of the vehicle. 

[0023] By a cant of the road surface being incorpo- 15 
rated into the behavior control based upon the confirma- 
tion that the longitudinal acceleration sensor as well as 
the lateral acceleration sensor are normally operating, 
the quality of the behavior control will be further 
improved with respect to anti-spin and ant-driftout con- 20 
trols which are substantially affected by a canting condi- 
tion of the road surface. 

Brief Description of the Drawings 

25 

[0024] In the accompanying drawings. 

Fig. 1A is a diagrammatical plan view of a four- 
wheeled vehicle, or an ordinary automobile, in 
which the behavior control device of the present 30 
invention is incorporated; 

Fig. 1 B is a diagrammatical plan view of the electric 
control shown in Fig. 1 A and various sensors sup- 
plying various vehicle operation parameters to the 
electric control; 35 
Fig. 2 is a diagrammatical illustration of an embodi- 
ment of a combination of two linear acceleration 
sensors providing an assembly of a longitudinal 
acceleration sensor and a lateral acceleration sen- 
sor for use with a behavior control device of a vehi- 40 
cle; 

Fig. 3 is a flowchart showing a summary of the 

overall operations of a synthetic embodiment of the 

behavior control device according to the present 

invention; 45 

Fig. 4 is a flowchart of a subroutine showing the 

operations carried out in step 100 of Fig. 3; 

Fig. 5 is a flowchart of a subroutine showing the 

operations carried out in step 150 of Fig. 3; 

Fig. 6 is a flowchart of a subroutine showing the so 

operations carried out in step 200 of Fig. 3; 

Fig. 7 is a flowchart of a subroutine showing the 

operations carried out in step 250 of Fig. 3; 

Fig. 8 is a flowchart of a subroutine showing the 

operations carried out in step 300 of Fig. 3; 55 

Fig. 9 is a flowchart of a subroutine showing the 

operations carried out in step 350 of Fig. 3; 

Fig. 10 is a flowchart of a subroutine showing the 



operations carried out in step 400 of Fig. 3; 
Fig. 1 1 is a flowchart of a subroutine showing the 
operations carried out in step 450 of Fig. 3; 
Figs. 12A and 12B are a flowchart of a subroutine 
showing the operations carried out in step 500 of 
Fig. 3; 

Fig. 13 is a map showing an embodiment of the per- 
formance of the target overall slip ratio Rsall against 
the driftout quantity DQ; and 
Fig. 14 is a map showing an embodiment of the per- 
formances of the slip ratios Rssp and Rsspdf 
against the spin quantity SQ. 

Description of the Embodiments 

[0025] In the following, the present invention will be 
described in more detail in the form of a synthetic 
embodiment thereof incorporating various aspects of 
the invention in one embodiment, with reference to the 
accompanying drawings. 

[0026] Referring to Fig. 1A, a four-wheeled vehicle, 
or an ordinary automobile, has a vehicle body 1 dia- 
grammatically shown by a scare and front left, front 
right, rear left and rear right wheels designated by 24FL, 
24FR, 24RL and 24RR. respectively, supporting the 
vehicle body 1 by suspension means not shown in the 
figure. The front left and front right wheels 24FL and 
24FR are non-driven wheels, whereas the rear left and 
rear right wheels 24RL and 24RR are drive wheels 
adapted to be driven by an engine 10 through an auto- 
matic transmission 16 including a torque converter 12 
and a speed change gear 14, a propeller shaft 18, a dif- 
ferential gear 20 and rear left and rear right axles 22L 
and 22R, respectively. The front left, front right, rear left 
and rear right wheels 24FL, 24FR, 24RL and 24RR are 
each adapted to be applied with braking forces by corre- 
sponding wheel cylinders 30FL, 30FR, 30RL and 30RR 
adapted to be supplied with a hydraulic pressure from a 
hydraulic circuit 28 according to a depression of a brake 
pedal 32 by a driver for actuating a master cylinder 34, 
or according to a behavior control made by an electric 
control 36 constructed substantially by a microcom- 
puter. 

[0027] As is already well known in the art, when the 
vehicle is going to spin in a counter-clockwise direction 
as viewed in Fig. 1A, the front right wheel 24FR is 
braked according to an actuation of the hydraulic circuit 
28 under a spin suppress control calculation conducted 
by the electric control 36, so as to generate an anti-spin 
moment in the vehicle around the braked front right 
wheel 24FR. or when the vehicle is going to driftout 
when the vehicle is making a left turn as viewed in Fig. 
1 A. the rear left wheel 24RL or both the rear left wheel 
24RL and the rear right wheel 24RR are braked by an 
actuation of the hydraulic circuit 28 according to a drift- 
out suppress control conducted by the electric control 
36, so that the vehicle is decelerated, thereby decreas- 
ing a centrifugal force acting at the vehicle in the direc- 
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tion of drifting out the vehicle, with a simultaneous effect 
of driftout suppress control that according to the braking 
of the rear wheels the side grip of the rear wheels is 
reduced due to a longitudinal slipping of the wheels 
against the road surface, whereby the rear portion of the 
vehicle is shifted outside of the turn, so as to turn the 
vehicle toward the inside of the turn. Further, when the 
rear left wheel 24RL only is braked, or the rear left 
wheel 24RL is more braked than the rear right wheel 
24RR, a counter-clockwise yaw moment is generated 
around the rear left wheel as viewed in Fig. 1 A, so as to 
suppress the drifting out of the vehicle. 
[0028] The electric control 36 is supplied with vari- 
ous operation parameters of the vehicle from corre- 
sponding parameter sensors as diagrammatical ly 
shown in Fig. 1 B. As shown in the figure, the electric 
control 36 is supplied with longitudinal acceleration Gx 
of the vehicle body from a longitudinal acceleration sen- 
sor 38, lateral acceleration Gy of the vehicle body from 
a lateral acceleration sensor 40, vehicle speed V from a 
vehicle speed sensor 42, yaw rate y from a yaw rate 
sensor 44, wheel Speeds Vwi (i = fl, fr, rland rr) from 
corresponding wheel speed sensors 46i 
(i = fl, fr, rl and rr ). steering angle 9 of a steering sys- 
tem of the vehicle not shown in the figure from a steer- 
ing angle sensor 48. throttle opening $ of the engine 10 
from a throttle opening sensor 50. engine rotation speed 
Ne from an engine rotation sensor 52, shift position Sp 
of the speed change gear 1 4 from a shift position sensor 
54. and output rotation speed Nt of the torque converter 
12 from a torque converter output rotation sensor 56. 
[0029] The electric control 36 conducts behavior 
control calculations for various behavior controls such 
as a spin suppress control or a driftout suppress control 
according to a program incorporated therein based 
upon the engine operation parameters as shown in Fig. 
1 B, so as to selectively apply a controlled braking force 
to a selected one or more of the four wheels to accom- 
plish the behavior control. Such a behavior control of 
the vehicle is now already known in the wide variety. 
Since it is not the purpose of the present invention to 
propose a further variety to those prior art behavior con- 
trols, it is assumed that the behavior control device of 
the present invention may use any appropriate one of 
those prior art behavior controls, provided that the use 
is allowed on a condition or no condition. As will be 
apparent from the above-mentioned summary of the 
present invention, the essence of the present invention 
is to incorporate a reliable checking of the normal oper- 
ation of acceleration sensors. 

[0030] Fig. 2 is a diagrammatical view showing an 
assembly of two linear acceleration sensors adapted to 
detect longitudinal accelerations acting along forward- 
rearward directions of the vehicle as well as lateral 
accelerations acting along leftward-rearward directions 
of the vehicle. First and second linear acceleration sen- 
sors 39 and 41 are mounted to the vehicle body not 
shown in Fig. 2 along a phantom plane disposed sub- 



stantially horizontally relative to the vehicle body, with 
the first linear acceleration sensor 39 being equally 
turned from both the longitudinal and lateral directions 
of the vehicle, thereby making 45° against the respec- 

5 tive directions, while the second linear acceleration sen- 
sor 49 are turned from the first linear acceleration 
sensor 39 for a right angle, so that the second linear 
acceleration sensor 41 is also equally turned from both 
the longitudinal and lateral directions of the vehicle. 

10 [0031] The first and second linear sensors 39 and 

41 have each the above-mentioned conventional basic 
construction that an inertial mass element (not shown) 
is movable along a linear guide (not shown) extending 
therealong and biased from linearly opposite sides by a 

is pair of springs (not shown) so as to be positioned at a 
neutral point O in the absence of any acceleration act- 
ing thereon. For the sake of convenience, with respect 
to the first linear acceleration sensor 39, a shifting of the 
inertial mass element in the upper left direction in Rg. 2 

20 from the neutral point O is assumed to indicate a posi- 
tive acceleration, while a shifting of the inertial mass 
element in the lower right direction in Fig. 2 from the 
neutral point O is deemed to indicate a negative accel- 
eration. Similarly, with respect to the linear acceleration 

25 sensor 41 . a shifting of the inertial mass element in the 
lower left direction as viewed in Fig. 2 is deemed to indi- 
cate a positive acceleration, while a shifting of the iner- 
tial mass moment in the upper right direction as viewed 
in Fig. 2 from the neutral point O is deemed to indicate 

30 a negative acceleration. 

[0032] Therefore, based upon the above-mentioned 
assumptions, in an example shown in Fig. 2 where the 
first linear acceleration sensor 39 outputs acceleration 
G1 in its positive direction, while the second linear 

35 acceleration sensor 41 outputs acceleration G2 in its 
negative direction, the longitudinal acceleration with 
respect to the vehicle assumed to be positive when it is 
directed forward of the vehicle is obtained as Gx1 - Gx2, 
wherein Gxl is a forward component of the acceleration 

40 G1 .while Gx2 is a forward component of the accelera- 
tion G2. In the shown embodiment wherein the linear 
axis of the first and second acceleration sensors 39 and 

42 are both turned 45° from the longitudinal and lateral 
directions of the vehicle body, Gx1 and Gx2 are equal to 

45 G1/V2 and G2V2, respectively. Therefore, the longitudi- 
nal acceleration Gx is obtained as (G1 - G2)/V2. In the 
example shown in Fig. 2, since the value of G2 is nega- 
tive, the vector of the longitudinal acceleration Gx corre- 
sponds to a linear addition of vector Gx1 and vector 

so Gx2. 

[0033] On the other hand, the lateral acceleration 
acting in the shown example is calculated as Gy1 + 
Gy2, wherein Gy1 and Gy2 are the lateral components 
of G1 and G2. respectively, acting along leftward-right- 
55 ward direction. Similarly, Gy1 and Gy2 are equal to 
G1/>/2 and G2A/2, respectively. The lateral acceleration 
Gy is obtained as (G1 +G2)/V2 . Since in the shown 
example Gy2 is negative, the vector of Gy corresponds 
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to a vector obtained by shortening the vector Gy 1 by the 
length of vector Gy2. 

[0034] It will be appreciated by one of ordinary skill 
in the art that the directions of the linear acceleration 
sensors 39 and 41 are not necessarily be in the direc- 5 
tion of exactly halving the right angle expanded between 
the longitudinal and lateral directions of the vehicle 
body. As a matter of principle, it is possible to obtain 
both the longitudinal and lateral accelerations by using 
two linear acceleration sensors arranged in any mutu- w 
ally different directions. However, as a matter of indus- 
trial technique, particularly in view of the above- 
mentioned fundamental construction of the linear accel- 
eration sensors, it is desirable that each of the two linear 
acceleration sensors are inclined as a larger angle rela- 15 
tive to both the longitudinal and lateral directions of the 
vehicle body as possible, while the two linear accelera- 
tion sensors are oriented as closer to a right angle rela- 
tive to one another as possible. Therefore, it will be 
appreciated that when a longitudinal acceleration sen- 20 
sor and a lateral acceleration sensor are provided by a 
combination of two linear acceleration sensors, the 
embodiment shown in Fig. 2 will be the most desirable 
for the actual applications. Of course, it is physically 
impossible to arrange two linear accelerations sensors 25 
such as 39 and 41 aligned in a common phantom plane 
with each neutral point O coincided with one another. 
Therefore, in actual devices, the first and second linear 
acceleration sensors 39 and 41 may be laid one over 
the other so that their neutral points O align with one 30 
another as viewed from the top of the device as shown 
in Fig. 2, or they may be arranged in a common phan- 
tom plane as close to one another as possible with their 
neutral points O being separated from one another 
when viewed in a plan view such as Fig. 2. 35 
[0035] Now, the essential construction of the 
behavior control device according to the present inven- 
tion will be described with respect to a synthetic embod- 
iment incorporating various aspects of the invention in 
one embodiment. It is to be noted that some of the fea- 40 
tures incorporated in this synthetic embodiment may be 
optionally omitted in carrying out the present invention. 
In the following, the constructions of the behavior con- 
trol device of the present invention will be described in 
the form of its operation, because the inventive con- 45 
structions of the invention are indeed the calculations 
conducted by an electronic computer, as in most of the 
prior art behavior control devices developed in this art. 
[0036] Referring to Fig. 3, the overall operations of 
the synthetic embodiment of the behavior control device so 
according the present invention are shown in the form of 
a flowchart. 

[0037] When the behavior control device is started 
by an ignition switch (not shown) of the vehicle in which 
the present behavior control device is mounted being 55 
turned on, in step 50, signals indicating those vehicle 
operation Parameters as shown in Fig. 1B are read in. 
[0038] In step 100, an allowability of judgment is 



judged according to a subroutine such as shown in Fig. 
4. As will be described in detail hereinbelow, it is judged 
if the vehicle is running at a speed high enough to con- 
duct various judgments and/or control operations. Fur- 
ther, it is confirmed that any selected sensor is not 
nullified or the behavior control by the present behavior 
control device is not stopped, in order to further proceed 
toward the following steps. 

[0039] In step 150, a first acceleration difference 
AGxwf is calculated according to a sub routine such as 
shown in Fig. 5. The first acceleration difference is a dif- 
ference between a longitudinal acceleration calculated 
based upon the wheel speed sensors 46i and the longi- 
tudinal acceleration detected by the longitudinal accel- 
eration sensor 38 or the combination of linear 
acceleration sensors 39 and 41. 

[0040] In step 200, a second acceleration differ- 
ence AGxtf is calculated according to a subroutine such 
as shown in Fig. 6. The second acceleration difference 
is a difference between a longitudinal acceleration cal- 
culated based upon the wheel drive torque and a longi- 
tudinal acceleration detected by the longitudinal 
acceleration sensor 38 or the combination of linear 
acceleration sensors 39 and 41 . 

[0041] In step 250, according to a subroutine such 
as shown in Fig. 7. the acceleration sensor 38 or the 
combination of the sensors 39 and 41 is diagnosed. 
This step checks if the longitudinal acceleration sensor 
is operating normally by judging at least if the difference 
between the longitudinal acceleration detected by the 
longitudinal acceleration sensor and the longitudinal 
acceleration detected by the wheel drive torque 
dependent longitudinal acceleration detection means is 
not larger than a threshold value predetermined therefor 
when the vehicle is accelerated to an acceleration 
higher than a threshold value predetermined therefor or 
if the difference between the longitudinal acceleration 
detected by the longitudinal acceleration sensor and the 
longitudinal acceleration detected by the wheel rotation 
dependent longitudinal acceleration detection means is 
not larger than a threshold value predetermined therefor 
by timely picking up each short period during a running 
of the vehicle in which the vehicle may be assumed as 
temporarily accelerated on a horizontal road. 
[0042] As will be described in detail hereinbelow 
with respect to Fig. 7, when it is checked that the longi- 
tudinal acceleration sensor 38 is operating normally, or 
as in the present embodiment the two linear accelera- 
tion sensors 39 and 41 are simultaneously checked as 
operating normally so as to output a correct lateral 
acceleration, the control proceeds to step 300, whereas 
when it is checked that the acceleration sensor 38 or at 
least one of the two linear acceleration sensors 39 and 
41 is not normally operating, a lump for warning a mal- 
function of the acceleration sensor (not shown) is put 
on, and the vehicle behavior control is modified to com- 
pensate for the malfunction of the acceleration sensor, 
such a modification including a stopping of a certain 
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part or all of the behavior control. 
[0043] In step 300, based upon the confirmation 
that a correct longitudinal acceleration is available by 
the normally operating acceleration sensors, a load on 
the vehicle is calculated according to a subroutine such 5 
as shown in Fig. 8, and a modification factor for modify- 
ing a spin suppress control or a driftout suppress control 
is calculated for compensating such a behavior control 
according to changes of the load on the vehicle. 
[0044] In step 350, also based upon the confirma- u 
tion that a correct longitudinal acceleration is available 
from the longitudinal acceleration sensor, the tire diam- 
eter of the wheels is calculated according to a subrou- 
tine such as shown in Fig. 9, and a factor for modifying 
a behavior control such as a spin suppress control or a n 
driftout suppress control is calculated for compensating 
an influence of changes of the tire diameter on such a 
behavior control. 

[0045] In step 400, it is judged if the vehicle is 
descending a downslope road according to a subroutine 20 
such as shown in Fig. 10, and a factor for modifying a 
behavior control such as a spin suppress control or a 
driftout suppress control is calculated for compensating 
the reduction of the tire grip force against the road sur- 
face due to an inclination of the vehicle relative to a hor- 25 
izontal level. 

[0046] In step 450. based upon the confirmation 
that a correct lateral acceleration is available from the 
combination of the two linear sensors 39 and 41 , a cant 
of the road surface is judged according to a subroutine 30 
such as shown in Fig. 1 1, and a factor for modifying a 
behavior control such as a spin suppress control or a 
driftout suppress control is calculated for compensating 
an influence of a canting of the road surface on such a 
behavior control. 35 
[0047] Finally, in step 500, a behavior control is exe- 
cuted according to a subroutine such as shown in Figs. 
12A and 12B. The behavior control according to the 
flowchart of Figs. 12A and 12B is an example taken 
from the known art, as this part does not form a part of 40 
the present invention. Indeed, the behavior control 
according to the steps shown in Figs. 12A and 12B sub- 
stantially follows the art described in EP 0 767 093 A1 
filed by the same applicant as the present application. 
[0048] Now, the details of the respective steps in 45 
the flowchart of Fig. 3 will be described with reference to 
Figs. 4-14. 

[0049] Referring to Fig. 4 showing the details of the 
operations carried out in step 100 of Fig. 3 for judgment 
of allowability of judgment, in step 101 it is judged if a so 
reference wheel speed Vwref is larger than a predeter- 
mined threshold wheel speed Vwo. The reference 
wheel speed Vwref is the wheel rotation speed of a ref- 
erence wheel detected by the corresponding wheel 
speed sensor 46i (i = fl, fr. rl or rr). The reference 55 
wheel may be determined to be the non-driven front left 
wheel 24FL or the non-driven front right wheel 24FR 
when the vehicle is a rear drive vehicle such as the 



embodiment shown in Fig. 1A. The threshold wheel 
speed Vwo is determined to be a lowest wheel speed 
above which the vehicle is deemed to be substantially 
running. When the answer is yes, the control proceeds 
to step 102, while when the answer is no, the control 
returns to step 50. 

[0050] In step 102, it is judged if any selected sen- 
sor such as those shown in Fig. 1B is nullified. When the 
answer is yes, the control returns to step 50, so that any 
» further steps including the behavior control are not car- 
ried out under a malfunction of an essential sensor. 
When the answer of step 102 is no, the control proceeds 
to step 103, and it is judged if the behavior control is 
stopped. The judgment of step 103 becomes yes when 
the behavior control of step 500 of Fig. 3 is stopped for 
a certain reason. When the answer of step 103 is yes, 
the control returns to step 50. while when the answer of 
step 103 is no, the control proceeds to step 150. 
[0051 ] Referring to Fig. 5 showing the details of the 
operations carried out in step 150 of Fig. 3 for calcula- 
tion of first acceleration difference based upon wheel 
speed, in step 151, an acceleration Gxw based upon 
the reference wheel speed Vwref is calculated by differ- 
entiating Vwref by time. Then in step 152. a first accel- 
eration difference AGxw is calculated as a difference 
between Gxw and the longitudinal acceleration Gx 
detected by the iongitudinal acceleration sensor 38 or 
the combination of the two linear acceleration sensors 
39 and 41 shown in Fig. 2. In step 153, the acceleration 
difference AGxw is filtered to AGxwf by noises being 
removed therefrom. Then the control proceeds to step 
200. 

[0052] Referring to Fig. 6 showing the details of the 
operations carried out in step 200 of Fig. 3 for calcula- 
tion of second acceleration difference based upon 
wheel drive torque, in step 201 it is judged if the vehicle 
is in acceleration. This judgment may be made by the 
acceleration Gwx calculated in step 151 of Fig. 5 is 
larger than a predetermined threshold value indicating 
that the vehicle is in a substantial acceleration suitable 
for calculating the acceleration of the vehicle based 
upon the wheel drive torque as described hereinbelow. 
When the answer is no, the control proceeds to step 
250, substantially bypassing this subroutine. 
[0053] When the answer of step 201 is yes, the con- 
trol proceeds to step 202, and it is judged if the torque 
converter 12 is locked up. When the answer is no, the 
control proceeds to step 203, while when the answer is 
yes, the control proceeds to step 204. 
[0054] In step 203, wheel drive torque Td is calcu- 
lated based upon engine rotation speed Ne detected by 
the engine rotation sensor 52 and torque converter out- 
put rotation speed Nt detected by the torque converter 
output rotation sensor 56. In step 204. a wheel drive 
torque Td is calculated based upon, engine rotation 
speed Ne detected by the engine rotation sensor 52 and 
throttle opening <|> detected by the throttle opening sen- 
sor 50. In either case, the control proceeds to step 205. 
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[0055] In step 205, a longitudinal acceleration Gxt 
of the vehicle is calculated based upon the wheel drive 
torque Td and shift position Sp of the speed change 
gear 1 4 detected by the shift position sensor 54. 
[0056] In step 206, a second acceleration differ- s 
ence AGxt is calculated as a difference between Gxt 
and Gx detected by the longitudinal acceleration sensor 

38 or the combination of the linear acceleration sensors 

39 and 41 . Then in step 207, the acceleration difference 
AGxt is filtered to AGxtf by noises being deleted there- u 
from. Then the control proceeds to step 250. 

[0057] Referring to Fig. 7 showing the details of the 
operations carried out in step 250 of Fig. 3 for diagnosis 
of acceleration sensors, in step 251 it is judged if the 
wheel drive torque Td calculated in step 203 or 204 of is 
Fig. 6 is larger than a threshold value Kd1 . The value of 
Kd1 is determined to ensure the chances where the 
vehicle is being so substantially accelerated that the 
diagnosis of the acceleration sensors is effectively 
accomplished available on a general substantially hori- 20 
zontal road by intermittent depressions of the accelera- 
tor pedal by the driver with occasional intrusions of 
braking. When the answer is yes. the control proceeds 
to step 252, and a count C1 of a counter incorporated in 
the electric control 36 is incremented by 1 . This is to 25 
count a time of duration of Td being larger than Kd1. 
Then the control proceeds to step 253. 
[0058] In step 253, the absolute value of the current 
longitudinal acceleration difference AGxwf calculated in 
step 153 of Fig. 5 is accumulated to provide an integra- 30 
tion value X1 . Similarly, in step 254, the absolute value 
of the current longitudinal acceleration difference AGxtf 
calculated in step 207 of Fig. 6 is accumulated to pro- 
vide an integration value X2. Then the control proceeds 
to step 255, and it is judged if a flag Fd1 is set to 1. In 35 
the first pass of the control to this step, the flag Fd1 is 
set at 0 as initialized at the start of operation of the 
behavior control device as is usual in this art. Therefore, 
in the first pass, the answer is no, then the control pro- 
ceeds to step 256, and the flag Fdl is set to 1. In the 40 
second and subsequent passes of control, the answer 
of step 255 is yes, and therefore step 256 is bypassed. 
[0059] In step 257, it is judged if the wheel drive 
torque Td (n) calculated in step 203 or 204 of Fig. 6 in 
the present pass of control is equal to or larger than the 45 
wheel drive torque Td (n - 1) calculated in step 203 or 
204 in the preceding pass of control. When the answer 
is yes, the control proceeds to step 258, while when the 
answer is no, the control proceeds to step 259. In step 
258, the second longitudinal acceleration difference so 
AGxtf (n) calculated in step 207 of the present pass of 
control, the wheel drive torque Td (n) calculated in step 
203 or 204 of the present pass of control, and the first 
longitudinal acceleration difference AGxwf (n) calcu- 
lated in step 1 53 of Fig. 5 of the present pass of control 55 
are stores as values Z1 , Z2 and Z3, respectively. On the 
other hand, in step 259, the second longitudinal acceler- 
ation difference AGxtf (n - 1) calculated in step 207 of 
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the preceding pass of control, the wheel drive torque Td 
(n - 1) calculated in step 203 or 204 of the preceding 
pass of control and the first longitudinal acceleration dif- 
ference AGxwf (n - 1) calculated in step 153 of the pre- 
ceding pass of control are stores as quantities 21, Z2 
and Z3, respectively. Then the control returns to step 
50. Thus the largest values of AGxtf, Td and AGxwf in 
the meantime are ensured as Z1 , Z2 and Z3. 
[0060] When the vehicle is being continuously 
> accelerated at such a degree as the condition of step 
251 is satisfied, the control circulates through steps 251 
to step 257 and then through either step 258 or 259, 
accumulating each current absolute value of AGxwf and 
AGxtf, while picking up the ever largest values of AGxtf, 
Td and AGxwf. 

[0061] Then, when the acceleration of the vehicle 
ends or subsides so that the judgment of step 251 turns 
into no, the control proceeds to step 260, and it is 
judged if the flag Fd1 is 1. When the control has come 
to step 260 after once having passed through steps 252 
through step 258 or step 259, the answer is yes, so that 
the control proceeds to step 261, and it is judged if the 
count C1 is smaller than a threshold value Kd2. This is 
to judge if the acceleration has not continued too long to 
be a good sample forjudging the normal operation of 
the acceleration sensor, because if the acceleration 
continues a very long time, the contents of the acceler- 
ation will be a mixture of various non-uniform accelerat- 
ing conditions and would not be suitable for the 
judgment of the normal operation of the acceleration 
sensor. Therefore, when the answer is no. the control 
proceeds to step 262, and a flag Fd2, the function of 
which will become soon clear hereinbelow, is reset to 
zero, and the control proceeds to step 263. In step 263, 
C1 , X1 , X2, Fd1 , Z1 , Z2 and Z3 are all reset to zero, and 
the control proceeds to step 300, assuming that the lon- 
gitudinal acceleration sensor is operating normally 
unless judged to be not normally operating. 
[0062] When the answer of step 261 is yes, the con- 
trol proceeds to step 264. In step 262, it is judged if 
X1/C1 , i.e. the mean value of AGxwf in the meantime, is 
smaller than Kd3, a threshold value predetermined for 
judging if the difference AGxwf is small enough to indi- 
cate that the acceleration sensor is operating normally. 
When the answer is yes, it is judged that the accelera- 
tion sensor is operating normally. In this case, the con- 
trol proceeds to step 262, and the flag Fd2 is reset to 
zero. Therefore, Fd2 = 0 means that the acceleration 
sensor was diagnosed as operating normally. On the 
other hand, when the answer of step 264 is no, i.e., 
when the longitudinal acceleration detected by the 
acceleration sensor is substantially different from the 
longitudinal acceleration detected by the wheel rotation 
dependent longitudinal acceleration detection means, 
the control proceeds to step 265. As already noted! 
even when the difference AGxwf is not smaller than Kd3 
predetermined for the diagnosis of the acceleration sen- 
sor, it is probable that the difference is due to the vehicle 
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having been accelerated on an uphill road. 
[0063] Therefore, in step 265, it is judged if X2/C1 , 
i.e. the mean value of AGxtf in the meantime, is smaller 
than Kd4, a threshold value predetermined to be an 
appropriate threshold value for judging if, based upon 
the comparison between the output of the acceleration 
sensor and the output of the wheel drive torque depend- 
ent longitudinal acceleration detection means, both not 
affected by the vehicle climbing an uphill road, though 
not so sharp as the acceleration sensor being com- 
pared with the wheel rotation dependent longitudinal 
acceleration detection means, there is any substantial 
difference such as still to indicate a malfunction of the 
acceleration sensor. When the answer of step 265 is 
yes, the control proceeds to step 262, overriding the 
"no" judgment in step 264, resetting the flag Fd2 to zero, 
and assuming that the acceleration sensor is operating 
normally. 

[0064] When the answer of step 265 is no, there is 
a probability that the normal operation of the accelera- 
tion sensor was lost. Then, the control proceeds to step 
266, and a count C2 of a counter incorporated in the 
electric control 36 is incremented by 1 . The count C2 is 
to count the times of the acceleration sensor being 
judged as not operating normally before starting a coun- 
termeasure of a compensation for a loss of the normal 
operation of the acceleration sensor. Then, the control 
proceeds to step 267. 

[0065] In step 267, it is judged if the count C2 is 
larger than Kd5, a threshold value which may be appro- 
priately determined to be, for example, 5 to 7, so that a 
few times diagnosis errors of the normal acceleration 
sensor may be disregarded, while when the longitudinal 
acceleration sensor or at least one of the two linear 
acceleration sensors in the embodiment shown in Fig. 2 
has really got out of the normal operation, it is infallibly 
detected. Until the count C2 exceeds the threshold 
value Kd5. the control proceeds to step 263. When the 
answer of step 267 turns into yes, the control proceeds 
to step 268, and the flag Fd2 is set to 1 , to indicate that 
the longitudinal acceleration sensor is not normally 
operating, and then the control proceeds to step 269. 
[0066] When the control comes to step 269, a light 
(not shown) for warning a failure of the normal operation 
of the longitudinal acceleration sensor 38 or the combi- - 
nation of the sensors 39 and 41, is put on, and the 
behavior control of the vehicle is modified to compen- 
sate for the failure of the normal operation of the accel- 
eration sensor. As already noted, such a modification of 
the behavior control may include to suspend the execu- i 
tion of the behavior control incorporating the output of 
the acceleration sensor 38 or the combination of the 
sensors 39 and 41 . Then, the control proceeds to step 
300. 

[0067] When the answer of step 260 is no, i.e. when £ 
the control comes to step 260 with no ever passing 
through steps 252-step 258 or step 259, the control pro- 
ceeds to step 270, and it is judged if the flag Fd2 is zero. 



When the answer is yes, i.e. when the longitudinal 
acceleration sensor 38 or the combination of the sen- 
sors 39 and 41 is normally operating according to the 
former diagnosis, the control proceeds to step 300, 
5 assuming that the longitudinal acceleration sensor is 
still operating normally, while when the flag Fd2 is not 
zero, i.e. 1 , the control proceeds to step 269. 
[0068] Referring to Fig. 8 showing the details of the 
operations carried out in step 300 of Fig. 3 for calcula- 
te tion of load, in step 301 load L on the vehicle is calcu- 
lated as L = fl(Zl/Z2)-L0 , wherein f1 is a function for 
calculating the total mass value of the vehicle including 
the original mass value L0 of the vehicle and the load L 
carried by the vehicle according to Z1/Z2 based upon 
15 Z1 and Z2 calculated in step 258 or 259 of Fig. 7, i.e. a 
ratio of the difference AGxtf between the longitudinal 
acceleration Gxt calculated based upon the wheel drive 
torque and the longitudinal acceleration Gx detected by 
the longitudinal acceleration sensor 38 or the combina- 
20 tion of the linear acceleration sensors 39 and 41 at the 
moment when the wheel drive torque Td is maximum in 
the circulation of the control through steps 251 -step 258 
or 259. It wilt be appreciated that the total mass value L 
+ L0 can be estimated based upon such a ratio Z1/Z2. 
25 The function f1 (Z1/Z2) may be determined as a map of 
the relationship between L + L0 and Z1/Z2. 
[0069] In step 302. a modification factor FIs for com- 
pensating the spin quantity (described later with refer- 
ence to Figs 12A and 12B) according to the load and a 
30 modification factor Fid for compensating the driftout 
quantity (also described later with reference to Figs 12A 
and 12B) according to the load are calculated based 
upon appropriate maps or the like not shown in the fig- 
ure. The modification factors FIs and Fid are incorpo- 
35 rated in steps 505 and 509 of Fig. 12A, respectively, 
described in detail hereinbelow. As will be appreciated 
in steps 505 and 509, the functions of these modifica- 
tion factors FIs and Fid are to modify the performance of 
applying a spin suppress braking or a driftout suppress 
*o braking to a respectively selected wheel or wheels 
according to the spin quantity indicating a liability of the 
vehicle to spin or the driftout quantity indicating a liability 
of the vehicle to driftout so that the braking is applied 
earlier when the load on the vehicle increases. Then the 
ts control proceeds to step 350. 

[0070] Referring to Fig. 9 showing the details of the 
operations carried out in step 350 for calculation of tire 
diameter, in step 351, a tire diameter Dt is calculated 
Dt = f2 (Z3/Z2) based upon a ratio of Z3 to Z2, both 
'o having been calculated in step 258 or 259, wherein f2 is 
an appropriate function for calculating the tire diameter 
of the wheels based upon the ratio Z3/Z2, i.e. the ratio 
of the difference AGxwf between the longitudinal accel- 
eration calculated based upon the wheel rotation speed 
s and the longitudinal acceleration detected by the longi- 
tudinal acceleration sensor at the moment when the 
wheel drive torque Td is maximum during the control cir- 
culation through steps 251-258 or 259 of Fig. 7. i.e. 
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when the vehicle is being substantially accelerated on a 
horizontal or an uphill road. It will be appreciated that 
the tire diameter of the wheels is a function of such a 
ratio Z3/Z2, or in other words, when the tires have been 
optionally changed by a customer to those of a different 5 
diameter from the original, the change of the tire diame- 
ter can be detected as a difference in the value of f2 
(Z3/Z2). The function f2 may be prepared as a map giv- 
ing the relationship between Dt and Z3/Z2. 
[0071] In step 352, a factor Ft for compensating a w 
change of the tire diameter is calculated based upon an 
appropriately prepared map or the like not shown in the 
figure. The tire diameter compensation factor Ft is incor- 
porated in step 523 of Fig. 12B described in detail here- 
inbelow. The function of the factor Ft is to modify the is 
target wheel speed for a spin suppress braking or a 
driftout suppress braking for a corresponding adjust- 
ment of the relationship between the wheel peripheral 
speed and the wheel rotation speed. Then the control 
proceeds to step 400. 20 
[0072] Referring to Fig. 10 showing the details of 
the operations carried out in step 400 of Fig. 3 for judg- 
ment of downslope descending, in step 401 , it is judged 
if the longitudinal acceleration difference AGxwf 
between the longitudinal acceleration Gxw calculated 25 
based upon the wheel rotation speed and the longitudi- 
nal acceleration Gx detected by the longitudinal accel- 
eration sensor is smaller than -Ks1, wherein Ks1 is a 
predetermined positive threshold value for confirming 
that the vehicle is descending a downslope of a sub- 30 
stantial inclination for which a modification of the behav- 
ior control is desirable. As will be noted from the above- 
mentioned fundamental construction of the longitudinal 
acceleration sensors, when the vehicle is descending a 
downslope with an inclination relative to the horizontal 35 
level, the inertial mass element of the longitudinal accel- 
eration sensor shifts forward of the vehicle from its neu- 
tral position even in the absence of any longitudinal 
acceleration in the vehicle. Therefore, when the vehicle 
is descending a substantial downslope road, AGxwf will 40 
be smaller than -Ks1, if the value of Ksl is determined 
appropriately. When the answer of step 401 is yes, the 
control proceeds to step 402, and it is judged if the 
wheel drive torque Td is equal to or smaller than 0, i.e. 
if the engine is idling or braking the vehicle, so as to con- 45 
firm that the condition of step 401 is being met on a 
downslope descending. When the answer is yes, the 
control proceeds to step 403, and a downslope angle a 
is calculated based upon AGxwf and the acceleration of 
gravity g as a = sin ' 1 (-AGxwf/g) . 50 
[0073] In step 404, a factor Fs for compensating the 
slip ratio in descending a downslope is calculated based 
upon a according to an appropriately prepared map or 
the like not shown in the figure. The factor Fs is incorpo- 
rated in steps 511 and 520 of Figs. 12A and 12B, ss 
respectively, as described in detail hereinbelow. The 
function of the factor Fs is to modify the target slip ratio 
(described later with reference to Figs. 1 2 A and 12B) for 



a spin suppress braking or a driftout suppress braking 
for compensating a reduction of the tire contact force 
against the road surface due to an inclination of the 
vehicle from the horizontal level. Then the control pro- 
ceeds to step 450. 

[0074] Referring to Fig. 11 showing the details of 
the operations carried out in step 450 of Fig. 3 for judg- 
ment of cant, in step 451, a lateral acceleration differ- 
ence AGy is calculated as a difference between the 
lateral acceleration Gy detected by the lateral accelera- 
tion sensor 40 or the combination of the linear accelera- 
tion sensors 39 and 41 and a product of a yaw rate y 
detected by the yaw rate sensor 44 and a vehicle speed 
V detected by the vehicle speed sensor 42. Herein it is 
to be noted that this cant judgment routine is proposed 
based upon that the lateral acceleration sensor is pro- 
vided by such a combination of the two linear accelera- 
tion sensors 39 and 41 as shown in Fig. 2, so that when 
it is checked that the combination of the two linear 
acceleration sensors operates normally as the longitudi- 
nal acceleration sensor of the vehicle, it is guaranteed 
that the combination of the two linear acceleration sen- 
sors also operate normally as the lateral acceleration 
sensor of the vehicle. On the other hand, when the lat- 
eral acceleration sensor is provided as an independent 
device such as 40 diagrammatically shown in Fig. 1B, 
there still remains a problem that the normal operation 
of the routine of Fig. 1 1 is not always guaranteed unless 
the lateral acceleration sensor is timely judged. 
[0075] In step 452, AGy is filtered to AGyf by noises 
being deleted. Then in step 453, it is judged if the abso- 
lute value of AGyf is larger than a predetermined thresh- 
old value Kc1 which is determined to detect a cant of the 
road surface inclined enough to be incorporated into the 
behavior control. 

[0076] When the answer is yes, the control pro- 
ceeds to step 454, and a cant angle A is calculated as 
6 = sin' 1 (AGyf/g). 

[0077] In step 455. a factor Fe for compensating the 
slip ratio according to the cant is calculated based upon 
the angle 6 according to an appropriately prepared map 
or the like not shown in the figure. The factor Fc is incor- 
porated in steps 511 and 520 of Figs. 12A and 12B, 
respectively. The function of the factor Fc is to modify 
the target slip ratio for compensating a reduction of the 
tire grip force against the road surface due to a cant 
inclination of the road surface from the horizontal level. 
Further, the cant will increase or decrease a side force 
available by the frictional contact of the wheel with the 
road surface during a turn running of the vehicle accord- 
ing to the relationship between the direction of canting 
and the direction of turning. Therefore, the factor Fc will 
be such a value that changes around a neutral value 1 
to be smaller than 1 when the cant has an inclination of 
supporting a centrifugal force acting at the turning vehi- 
cle and to be larger than 1 when the cant faces away the 
centrifugal force acting at the turning vehicle. Then the 
control proceeds to step 500. 
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[0078] Referring to Figs. 12A and 12B showing the 
details of the operations carried out in step 500 of Fig. 3 
for behavior control, in step 501, a side slide accelera- 
tion Vyd of the vehicle body is calculated as 
Vyd = Gy-y • V . Then in step 502, by first integrating 5 
the side slide acceleration Vyd on time basis, a side 
slide velocity Vy is calculated, and then by dividing the 
side slide velocity Vy by a longitudinal velocity Vx which 
may be the vehicle speed V detected by the vehicle 
speed sensor 42 or the reference wheel Vwref of step 10 
101, a slip angle p of the vehicle body is calculated as 
P = Vy/Vx . 

[0079] In step 503, taking two positive constants K1 
and K2 appropriately, a value herein called spin value 
SV is calculated as a linear some of the slip angle p and is 
the side slide acceleration Vyd, such as 
SV=K1 - p+K2 • Vyd . In step 504, the direction of 
turn of the vehicle is judged from the sign of the yaw rate 
y, and a parameter herein called spin quantity SQ is 
determined to be equal to SV when the spin value SV is 20 
positive, and to be equal to -SV when the spin value SV 
is negative. Or, the spin quantity may be determined to 
be more sensitive about the variety of turn behavior of 
the vehicle such that, when the spin value SV is positive 
in conformity with the yaw rate y being positive, the spin 25 
quantity SQ is equal to SV but if the spin value SV is 
negative against the positive yaw rate y. the spin quan- 
tity SQ is made 0, and similarly when the spin value SV 
is negative in conformity with the yaw rate y being nega- 
tive, the spin quantity SQ is equal to -SV but if the spin 30 
value SV is positive against the negative yaw rate y, the 
spin quantity SQ is made 0. As will be appreciated, the 
spin quantity SQ is a parameter which shows the liability 
of the vehicle to spin. 

[0080] In step 505, the spin quantity SQ is modified 35 
by the load compensation spin quantity modification fac- 
tor FIs calculated in step 302 of Fig. 8. It will be appreci- 
ated that the factor FIs may be determined to increase 
from 1 .00 according to an increase of the load L calcu- 
lated in step 301 of Fig. 1 over a standard load value. 40 
[0081] In step 506, by first calculating a target yaw 
rate yc based upon a vehicle speed V detected by the 
vehicle speed sensor 42, a steering angle 6 detected by 
the steering angle sensor 48, the wheel base of the 
vehicle (denoted H) and an appropriate stability factor 4s 
Khas Y c=V • e/(1+Kh • V 2 ) - H , and by modifying 
the target yaw rate yc by the Laplace transformation for 
a first order delay with an appropriate time constant T, a 
standard yaw rate Yt is calculated as Yt = yc/(1+T • s) . 
[0082] In step 507, a value herein called driftout so 
value DV is calculated based upon the standard yaw 
rate Yt and the yaw rate y detected by the yaw rate sen- 
sor 44 as DV=Yt-Y or DVH=H • (yt-y)PJ . 
[0083] In step 508, a parameter herein called drift- 
out quantity DQ is determined to be equal to DV when • 55 
the vehicle is making a left turn, and to be equal to -DV 
when the vehicle is making a right turn. When the drift- 
out quantity would nevertheless get negative, it is made 



0. As will be appreciated, the driftout quantity DQ is a 
parameter which shows the liability of the vehicle to 
driftout. 

[0084] In step 509, the driftout quantity DQ is modi- 
fied by the load compensation driftout quantity modifica- 
tion factor Fid calculated in step 302 of Fig. 8. It will be 
appreciated that the factor Fid may also be determined 
to increase from 1 .00 when the load L increases from 
the standard load. 

[0085] In step 510, referring to a map such as 
shown in Fig. 13, a target overall slip ratio Rsall is read 
out against the value of the driftout quantity DQ. The tar- 
get overall slip ratio Rsall is a target value for the overall 
slip ratio to be born by the four wheels for suppressing 
the vehicle against drifting out by decreasing the vehicle 
speed. Then in step 511, the target overall slip ratio 
Rsall is modified by the downslope descending com- 
pensation slip ratio factor Fs and the cant compensation 
slip ratio factor Fc. It will be appreciated that the factor 
Fs may be determined to increase from 1.00 according 
to an increase of the downslope angle a. The factor Fc 
will have to be determined to increase or decrease from 
1 .00 according to an increase or a decrease or vice 
versa of the cant inclination 5 according to the difference 
of the direction of cant inclination relative to the direction 
of a centrifugal side force acting at the vehicle body. 
[0086] In step 512. it is judged rf Rsall is 0. If the 
answer is no. the control proceeds to step 513, and a 
count value Cd (reset to 0 at the start of the control) is 
increased by an increment m, and the control proceeds 
to step 514. When the answer of step 512 is yes, the 
control proceeds to step 515, and the count value Cd is 
decreased by a decrement n, and then in step 516 it is 
judged if the count value Cd is smaller than 0. When the 
answer is yes, the control proceeds to step 517, and the 
count value Cd is reset to 0, while when the answer is 
no, the control proceeds to step 514. 
[0087] In step 514, referring to a map such as 
shown in Fig. 14, a first slip ratio Rssp is read out 
against the value of the spin quantity SQ, and in step 
518 a second slip ratio Rsspdf is read out against the 
value of the spin quantity SQ. Rssp indicates a slip ratio 
to be effected at a front wheel serving at the outside of 
a turn running of the vehicle in such a condition that only 
a spin suppress control will be needed, while Rsspdf 
indicates a slip ratio to be effected at a front wheel serv- 
ing at the outside of a turn running of the vehicle in such 
a condition that both the spin suppress control and the 
driftout suppress control will be needed. 
[0088] In step 519, a target slip ratio Rssfo for a 
front wheel serving at the outside of a turn running of 
the vehicle is calculated by combining Rssp and Rsspdf 
as Rssfo=Rssp • (Kd-Cd)/Kd+ Rsspdf • Cd/Kd . 
[0089] As will be appreciated, by the values of m 
and n being appropriately determined together with a 
limit value Kd, Rssfo is gradually changed over between 
Rssp and Rsspdf at a desired speed according to an 
uprise or a subside of Rsall. 
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[0090] In step 521 , target slip ratios of four wheels 
Rsi (i=fl, fr, rland rr) are calculated such that the slip 
ratio of a front wheel serving at the outside of a turn is 
Rssfo, the slip ratio of a front wheel serving at the inside 
of the turn is 0, and the slip ratio of each rear wheel is 5 
(Rsall-Rssfo)/2 . Then in step 522, target wheel speeds 
of the four wheels Vwti (Ml, fr, rl and rr ) are calculated 
based upon the target slip ratios Rsi. 
[0091] In step 523, the target wheel speeds Vwti 
are modified by the tire diameter compensation factor w 
Ft, so as to adjust the wheel speed which is indeed 
detected or controlled by the wheel rotation speed. 
[0092] Finally in step 524, a braking force control is 
executed to accomplish the each calculated target slip 
ratio at each of the four wheels. 15 
[0093] Although the present invention has been 
described in detail with respect to a synthetic embodi- 
ments thereof incorporating various aspect of the inven- 
tion, it will be apparent for those skilled in the art that 
various modifications are possible with respect to the 20 
shown embodiment within the scope of the present 
invention. 
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A behavior control device of a vehicle having a vehi- 
cle body, wheels supporting the vehicle body, an 
engine for driving the vehicle through at least a pair 
of drive wheels forming a part of the body support 
wheels, and a brake system for selectively braking 30 
at least a part of the body support wheels, the 
device comprising: 

means for detecting operation parameters of 
the vehicle, the vehicle operation parameter 35 
detection means including an acceleration sen- 
sor for detecting longitudinal acceleration of the 
vehicle depending upon an inertia of a movable 
mass element, means for detecting rotation 
speed of at least one of the body support 40 
wheels, means for detecting a torque for driving 
the drive wheels, means for detecting longitudi- 
nal acceleration of the vehicle depending upon 
the wheel rotation speed detected by the wheel 
rotation speed detection means, and means for 45 
detecting longitudinal acceleration of the vehi- 
cle dependent upon the wheel chive torque 
detected by the wheel drive torque detection 
means, 

means for judging the acceleration sensor as so 
not operating normally according to the longitu- 
dinal acceleration detected by the acceleration 
sensor being different from the longitudinal 
acceleration detected by the wheel rotation 
dependent longitudinal acceleration detection 55 
means beyond a threshold value predeter- 
mined therefor, excepting at least when the lon- 
gitudinal acceleration detected by the 



acceleration sensor is not different from the 
longitudinal acceleration detected by the wheel 
drive torque dependent longitudinal accelera- 
tion detection means beyond a threshold value 
predetermined therefor, and 
means for controlling the brake system based 
upon the operation parameter or parameters of 
the vehicle detected by at least one, including 
the acceleration sensor, of the vehicle opera- 
tion parameter detection means, so as to con- 
trol a running behavior of the vehicle, with a 
modification thereof for a compensation for a 
failure of a norma! operation of the acceleration 
sensor when it is not judged as normally oper- 
ating by the acceleration sensor normal opera- 
tion judgment means. 

2. A behavior control device according to claim 1, 
wherein the acceleration sensor comprises first and 
second linear acceleration sensor elements 
mounted to the vehicle body along a phantom plane 
disposed substantially horizontally relative to the 
vehicle, the first linear acceleration sensor element 
being substantially turned from both longitudinal 
and lateral directions of the vehicle, while the sec- 
ond linear acceleration sensor element is turned 
from the first linear acceleration sensor element for 
an angle not substantially different from a right 
angle, so that a longitudinal acceleration of the 
vehicle body is detected by comparing linear accel- 
erations detected along the first and second linear 
acceleration sensor elements, while a lateral accel- 
eration of the vehicle body is also available by com- 
paring the linear accelerations detected along the 
first and second linear acceleration sensor ele- 
ments. 

3. A behavior control device according to claim 1, fur- 
ther comprising means for calculating a spin quan- 
tity indicating a liability of the vehicle to spin and a 
driftout quantity indicating a liability of the vehicle to 
driftout based upon parameters available from the 
vehicle operation parameter detection means, 
means for detecting a maximum wheel drive torque 
accelerating the vehicle in the period of the acceler- 
ation, means for detecting a difference between a 
longitudinal acceleration of the vehicle correspond- 
ing to the maximum wheel drive torque and a longi- 
tudinal acceleration detected by the acceleration 
sensor at a moment of the maximum wheel chive 
torque being generated, and means for calculating 
a load of the vehicle based upon a ratio of the lon- 
gitudinal acceleration difference to the maximum 
wheel drive torque, wherein the brake system con- 
trol means modify at least one of the spin quantity 
and the driftout quantity for a compensation for the 
load in controlling a braking force applied to each 
selected one of the wheels based upon at least one 
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of the spin quantity and the driftout quantity. 



4. A behavior control device according to claim 1 , fur- 
ther comprising means for detecting a maximum 
wheel chive torque accelerating the vehicle in the s 
period of the acceleration, means for detecting a 
difference between a longitudinal acceleration of 
the vehicle detected by the wheel rotation depend- 
ent acceleration detection means and a longitudinal 
acceleration detected by the acceleration sensor at 10 
a moment of the maximum wheel drive torque 
being generated, and means for calculating a fire 
diameter of the wheels based upon a ratio of the 
longitudinal acceleration difference to the maximum 
wheel drive torque, wherein the brake system con- 15 
trol means calculate a slip ratio to be effected at 
each selected one of the wheels by a controlled 
braking applied thereto with a compensation for the 
tire diameter. 

20 

5. A behavior control device according to claim 1 , fur- 
ther comprising means for detecting the vehicle 
descending a downslope road according to if a lon- 
gitudinal acceleration of the vehicle detected by the 
wheel rotation dependent acceleration detection 25 
means is smaller than a longitudinal acceleration 
detected by the acceleration sensor by a difference 
larger than a threshold longitudinal acceleration dif- 
ference value predetermined therefor with no posi- 
tive wheel drive torque dependent acceleration of 30 
the vehicle, and means for calculating a downslope 
angle based upon the longitudinal acceleration dif- 
ference, wherein the brake system control means 
modify a behavior control braking applied to each 
selected one of the wheels according to the downs- 35 
lope angle for a compensation for a reduction of a 
ground contact force of each of the wheels with the 
vehicle being on a downslope road. 

6. A behavior control device according to claim 2, 40 
wherein the vehicle operation parameter detection 
means further include means for detecting yaw rate 
of the vehicle body, and means for detecting vehicle 
speed, the device further comprising means for cal- 
culating a cant angle of a road surface based upon 45 
a difference between a lateral acceleration of the 
vehicle body detected by the combination of the 
first and second linear acceleration sensor ele- 
ments and a lateral acceleration calculated as a 
product of a yaw rate and a vehicle speed detected so 
by the yaw rate detection means and the vehicle 
speed detection means, respectively, wherein the 
brake system control means modify a behavior con- 
trol braking applied to each selected one of the 
wheels according to the cant angle for a compensa- 55 
tion for an influence of a cant of a road surface on a 
behavior of the vehicle. 
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